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Description 

The present invention relates to sennioonduotor 
memories and Is more particularly directed to a 
block erasable EEPROM semiconductor memory. 

EPROMs (Electrically Programmable Read 
Only Memories) are widely used in electronic ap- 
plications in which low cost, non-volatile memories 
are desired. Among their many advantages, they 
are used in applications in which it is desired to 
have a non-volatile memory capable of being pro- 
grammed for a specific application, while retaining 
the flexibility of being able to erase and reprogram 
that memory. 

When erasure of the prior art EPROM is de- 
sired, the EPROM is removed from the circuit in 
which it is employed and then placed in a special 
erasing apparatus. In this erasing apparatus, the 
EPROM is exposed to ultraviolet light. The ul- 
traviolet light causes the EPROM to then erase. 
Once the EPROM is exposed to ultraviolet light in 
the erasing apparatus, the erase process takes 
approximately 15-20 minutes in the prior art EP- 
ROM. Also, ultraviolet erasable EPROMs must gen- 
erally be packaged in special, costly ceramic pack- 
ages containing quartz windows in order for it to be 
possible to expose the EPROM to ultraviolet light 
during erasure. 

The main disadvantage in using EPROMs is 
the lack of system flexibility due to the necessity of 
removing the EPROM from the circuit board in 
which it is used in order to erase the EPROM. The 
disadvantage does not exist when EEPROMs 
(Electrically Erasable Programmable Read Only 
Memories) are used in place of EPROMs. EEPR- 
OMs can be programmed and erased on board, 
that is, while still in a circuit board. Because of this 
on-board flexibility, EEPROMs are replacing EP- 
ROMs in many applications. However, prior art 
EEPROMs are much more costly to manufacture 
than EPROMs. This cost differential between prior 
art EEPROMs and prior art EPROMs is, for the 
most part, because the prior art EEPROM cell size 
is much larger than the EPROM cell size. 

A relatively small cell size is typically achieved 
in prior art ultraviolet erasable EPROMs because 
these EPROMs use a single transistor per cell. 
This single transistor cell structure is possible be- 
cause these EPROMs use hot electron injection 
mechanisms to program the cells. The EPROM cell 
is programmed only when both the drain and gate 
of the cell are raised to a high voltage. Normally, 
the word line is called the X address and the bit 
line is called the Y address. This X-Y addressing 
mode during programming of the cell in any array 
eliminates the need for byte-select transistors. 

Prior art EEPROMs, on the other hand, use 
Fowler-Nordheim tunneling to program the cells. 



These prior art EEPROMs require a byte select 
transistor, as is well known in the art, and the 
EEPROM requires two transistors per cell. Addi- 
tionally, as is well known in the art, a tunneling area 

5 is needed in each such EEPROM cell. Hence, the 
prior art EEPROM cell is much larger than the prior 
art EPROM cell. 

Several attempts to overcome the disadvan- 
tages of ultraviolet erasable EPROMs have been 

10 made. Thus, erasing the EPROMs by tunneling 
electrons from the floating gate to the control gate 
through the interpoly oxide has been attempted. 
Such an attempt is discussed in Guterman, et al., 
"An Electrically Alterable Nonvolatile Memory Cell 

75 Using a Floating-Gate Structure," IEEE J. SOLID- 
STATE CIRCUITS, SC-14 p. 498 (April 1979). How- 
ever, due to the incompatibility between erasability 
and programming speed, the structure was not 
successful. 

20 Also, a triple-polysilicon technology employing 

an erase electrode located between the field oxide 
and the floating gate has been attempted, as is 
discussed in Masuoka, et al., "A New Flash 
E2PR0M Cell Using Triple Polysilicon Technol- 

25 ogy," International Electron Devices Meeting Tech- 
nical Digest p. 464 (1984). In this technology, the 
floating gate is erased by Fowler-Nordheim tunnel- 
ing. 

Further, a double polysilicon technology using 

30 Fowler-Nordheim tunneling through the dielectric 
between the floating gate and the drain or source 
to erase the cells has been attempted, as dis- 
cussed in Mukherjee, et al., "A Single Transistor 
EEPROM Cell and its Implementation in a 51 2K 

35 CMOS EEPROM," International Electron Devices 
Meeting Technical Digest p. 616 (1985). However, 
all of these attempts to solve the problems inherent 
in an ultraviolet erasable EPROM share additional 
problems arising from the overerase of the floating 

40 gate that results when these methods to erase an 
EPROM cell are employed. 

When an ultraviolet erasable EPROM is erased, 
the floating gate is electrically neutral. This is be- 
cause the ultraviolet light causes "programming" 

45 electrons to leave the floating gate, but does not 
cause the floating gate to acquire a positive charge 
by causing additional electrons to leave the floating 
gate. When an EEPROM is erased electrically, 
through Fowler-Nordheim tunneling or tunneling 

50 through the interpoly oxide, the floating gate ac- 
quires a positive charge. The result of this positive 
charge on the floating gate is that the transistor 
acts like a depletion transistor and therefore leaks 
current. Hence, false data reads or failures to pro- 

55 gram can result. It is desired to overcome the 
problems caused by this overerase phenomenon. 

Endurance is another factor in determining 
whether to employ a prior art EPROM or a prior art 
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EEPROM in a particular application. Endurance is a 
measure of the number of times that a cell can be 
erased and rewritten. A part with a high endurance 
can be erased and rewritten many times, while a 
part with a low endurance can be erased and 
rewritten relatively few times. Prior art EERROMs 
typically have a higher endurance than prior art 
EPROMs. Thus, although prior art EEPROMs are, 
typically more expensive than prior art EPROMS, 
in applications in which a relatively high endurance 
and a fast erase are desired, prior art EEPROMs 
are often used instead of prior art EPROMs. 

US-4,409,723 discloses an EEPROM in accor- 
dance with the preamble of claim 1. 

From WO 85/03162 it is known to keep the 
source region of a EEPROM cell transistor floating 
in programming mode and in erase mode, whereas 
the source region is grounded in read mode. No 
specific grounding devices are disclosed in this 
document. 

The present invention as defined in claim 1, 
provides an improved device which uses MOSFET 
grounding devices controlled by word lines in order 
to float the sources of the memory cell transistors 
during the erase operations. 

The invention is illustrated in the accompany- 
ing drawings, in which. Figure 1 shows a cross- 
section of an EEPROM cell employed in a pre- 
ferred embodiment of the present invention. 

Figure 2 shows a cross-section of an attentive 
EEPROM cell employed in a second embodiment 
of the present invention. 

Figure 3 shows a portion of an EEPROM cell 
array according to a preferred embodiment of the 
present invention. 

Figure 4 shows a simplified schematic diagram 
of a portion of an EEPROM cell array, which array 
is shown in Figure 3. 

Referring now to Figure 1, there is shown a 
slice (not to scale) through an EEPROM memory 
cell comprising various layers grown and/or depos- 
ited on P-type monocrystalline silicon substrate 10. 
Thus, as a preliminary step, a field oxide region 
(not shown in the drawings) is grown to a thickness 
of approximately 1 ,000 nm (1 0,000 Angstroms) 
over P-type monocrystalline substrate 10, as is well 
known to the art. Next, first gate oxide region 40 is 
grown to approximately 25 nm (250 Angstroms) 
above P-type monocrystalline substrate 10. Then, a 
first polysilicon layer is deposited over first oxide 
region 40 to a thickness of approximately 300 nm 
(3,000 Angstroms). Next, the first polysilicon layer 
is lightly doped. Floating gate 60 is then defined 
from that first polysilicon layer, using masking and 
etching techniques, as is well-known in the art. 
After defining floating gate 60, interpoly oxide 70 
and second gate oxide region 80 are grown at the 
same time, as is well known in the art. Interpoly 



oxide 70 is grown to approximately 80-85 nm (800- 
850 Angstroms) and second gate oxide region 80 
is grown to approximately 60 nm (600 Angstroms). 
Next, a second polysilicon layer is deposited to a 

5 thickness of approximately 450 nm (4,500 Ang- 
stroms) over interpoly oxide 70 and second gate 
oxide region 80, and then doped. Control gate 90 is 
then defined from that second polysilicon layer by 
masking and etching techniques, as is well known 

10 in the art. Finally, as is well known in the art, 
source region 20 and drain region 30 are formed 
by arsenic implants. 

First gate oxide region 40 covers the portion of 
the region of P-type monocrystalline silicon sub- 

75 strate 10 which lies below the floating gate 60. First 
gate oxide region 40 further overlaps a portion of 
drain region 30, below floating Gate 60. First gate 
oxide region 40 may be a layer of silicon dioxide 
(Si 02 ). 

20 First gate oxide region 40 further comprises 

thin dielectric region 50. By using the well-known 
Kooi effect, when first gate oxide region 40 is 
formed, the portion of first gate oxide region 40 
that is labeled as thin dielectric region 50 grows at 

25 a slower rate than the remainder of first gate oxide 
region 40. In one embodiment of the present inven- 
tion, thin dielectric region 50 forms the portion of 
first gate oxide region 40 that overlaps drain region 
30, and thin dielectric region 50 may further extend 

30 into the region above P-type monocrystalline sili- 
con substrate 10 that lies between drain region 30 
and source region 20. While thin dielectric region 
50 may be grown by using any one of the known 
methods of forming a thin dielectric region, in the 

35 presently preferred embodiment of the present in- 
vention, thin dielectric region 50 is grown using the 
well-known Kooi effect, as is disclosed in Kooi, et 
al., "Formation of Silicon Nitride at a Si-Si O2 
Interface During Local Oxidation of Silicon and Dur- 

40 ing Heat-Treatment of Oxidized Silicon in NH3," 
Electrochemical Soc'y 1117 (July 1976). 

First channel region 35 is the portion of the 
device channel that lies below floating gate 60 and 
abuts drain region 30. Under conditions discussed 

45 below, a conductive channel for charge carriers is 
formed in first channel region 35. Second channel 
region 37 is the portion of the device channel that 
lies below control gate 90 and abuts source region 
20, but does not extend below floating gate 60. 

50 Under conditions discussed below, a conductive 
channel for charge carriers is formed in second 
channel region 37. Both first channel region 35 and 
second channel region 37 are simultaneously 
formed with P-type threshold adjusting implants as 

55 is well-known in the art. 

First gate oxide region 40 forms a dielectric 
layer between first channel 35 and floating gate 60. 
First gate oxide region 40 further forms a dielectric 
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region between the portion of drain region 30 that 
lies below floating gate 60 and floating gate 60. 

Floating gate 60 is grown over first gate oxide 
region 40 and defined such that is extends above a 
portion of drain region 30 approxinnately 0.2 to 0.3 
nnicrons and further extends above a portion of the 
region of P-type monochrystalline substrate 10 that 
adjoins drain region 30. Floating gate 60 is com- 
prised of a layer of a phosphorus-doped polysilicon 
that is used to store charge in progrannming the 
EEPROM memory cell, as discussed below. 

Interpoly oxide region 70 is grown over floating 
gate 60. Interpoly oxide region 70 may be com- 
prised of an oxide, or other equivalent dielectric as 
is well known in the art. 

Second gate oxide region 80 is grown over P- 
type monocrystalline silicon substrate 10 and cov- 
ers the portion of P-type monocrystalline silicon 
substrate 10 which lies above channel 37. Second 
gate oxide region 80 further overlaps the portion of 
source region 20 that lies below control gate 90. As 
mentioned, interpoly oxide region 70 and second 
gate oxide region 80 may be simultaneously 
grown. 

Control gate 90 is formed over second gate 
oxide region 80 and interpoly oxide 70 to extend 
from drain region 30 to source region 20. Control 
gate 90 overlaps both drain region 30 and source 
region 20 by approximately 0.2 to 0.3 microns. 
Control gate 90 is comprised of a layer formed of a 
phosphorus-doped polysilicon as is well known in 
the art. Control gate 90 is more heavily doped than 
floating gate 60. 

It will be obvious to one skilled in the art that 
control gate 90, as far as it overlaps floating gate 
60, forms the control gate 90, as it extends beyond 
floating gate 60 over a portion of source region 20 
further forms the control gate of a select transistor 
device. The function of the select transistor portion 
of the EEPROM memory cell is discussed below. 

Figure 2 shows a second construction of a 
memory cell. In this second construction, first gate 
oxide region 40 is grown to a uniform thickness 
below floating gate 60 embodiment. Masking, etch- 
ing and oxide growing techniques well known in the 
art are used to form uniformly this first gate oxide 
region 40. 

Figure 3 shows a portion of an EEPROM mem- 
ory array according to the present invention. First 
EEPROM cell 100, second EEPROM cell 110, third 
EEPROM cell 120, and fourth EEPROM cell 130 
form a part of the EEPROM memory array. Only a 
portion of the memory array is shown in Figure 2. 
Thus, in a 256K bit memory, there will typically be 
512 columns of EEPROM memory cells, each col- 
umn in turn containing 512 cells. That is, there will 
be 512 columns and 512 rows of cells. As would 
be obvious to one skilled in the art, any equivalent 



array technique may be used. Thus, in a 256K bit 
memory array, there may be 256 columns and 
1024 rows of cells. 

The drain of first EEPROM cell 100 is con- 

5 nected to first bit line 140. Likewise, the drain of 
second EEPROM cell 110 is connected to first bit 
line 140. In a typical EEPROM memory array, there 
will be a bit line for every column of EEPROM 
memory. Thus, in a 256K memory array, there will 

10 be 512 bit lines. Hence, the drain of third EEPROM 
cell 120 and the drain of fourth EEPROM cell 130 
are both connected to second bit line 150. 

The control gate of first EEPROM cell 100 is 
connected to first word line 160. The control gate 

76 of second EEPROM cell 110 is connected to sec- 
ond word line 170. In a typical EEPROM memory 
array, there will be a word line for every row of 
EEPROM memory cells in the array. Thus, in a 
256K bit memory cell array, there will be 512 word 

20 lines. Hence, the control gate of third EEPROM cell 
120 is connected to first word line 160, and the 
control gate of fourth EEPROM cell 130 is con- 
nected to second word line 170. 

The source of first EEPROM cell 100 is con- 

25 nected to common line 180. The source of second 
EEPROM cell 110 is also connected to common 
line 180. In a typical EEPROM memory cell array 
employing the present invention, there will be one 
common line 180 for every pair of rows of EEPR- 

30 OM memory cells. Thus, in a 256K bit memory cell 
array, there will be 256 common lines. As is shown 
in Figure 3, the source of third EEPROM memory 
cell 120 and the source of fourth EEPROM mem- 
ory cell 130 are both connected to common line 

35 1 80. It will be obvious to one skilled in the art that 
the source of the EEPROM memory cell disclosed 
herein is the select transistor side of the EEPROM 
memory cell. 

The drain of first grounding MOSFET device 

40 190 is connected to common line 180. The source 
of first grounding MOSFET device 190 is con- 
nected to grounding line 210. The gate of first 
grounding MOSFET device 190 is connected to 
first word line 160. Grounding line 210 is connected 

45 to ground 220. The drain of second grounding 
MOSFET device 200 is connected to common line 
180. The source of second grounding MOSFET 
device 200 is connected to grounding line 210. The 
gate of second grounding MOSFET device 200 is 

50 connected to second word line 170. 

By raising the voltage applied to wordline 160, 
and hence to the gate of first MOSFET grounding 
device 190 or by raising the voltage applied to 
wordline 170 and hence to the gate of second 

55 MOSFET grounding device 200, the source of first 
EEPROM cell 100, the source of second EEPROM 
cell 110, the source of third EEPROM cell 120, and 
the source of fourth EEPROM cell 130 can be 
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operatively connected to ground. However, by 
holding the gates of first MOSFET grounding de- 
vice 190 and second MOSFET grounding device 
200 low, the source of first EEPROM cell 100, the 
source of second EEPROM cell 110, the source of 
third EEPROM cell 120, and the source of fourth 
EEPROM cell 130 will be kept floating, that is not 
connected to ground and further not held at any 
fixed voltage potential. Thus, grounding means for 
selectively grounding the source of an EEPROM 
cell during programming and during reading and 
floating the source during erasing have been dis- 
closed. Hence, the cell can conduct during pro- 
gramming and will not conduct during erasing. 

Figure 4 shows a simplified operational sche- 
matic diagram of an EEPROM memory cell device 
and a grounding device. The drain of first EEPROM 
cell 100 is connected to first bit line 140. The 
source of first EEPROM cell 100 is connected to 
common line 180. The drain of first grounding 
MOSFET device 190 is connected to common line 
180. The source of first grounding MOSFET device 
190 is operationally connected to ground 220 
through grounding line 210. The control gate of first 
EEPROM cell 100 and the gate of first grounding 
MOSFET device 190 are both connected to first 
word line 160. 

As would be obvious to one skilled in the art, 
there may be more than one grounding MOSFET 
device in each row in the array. For example, there 
may be one grounding MOSFET device in each 
row for every 16 bit lines in the array. 

Operation of the Preferred Embodiment 



Each cell in an EEPROM memory array com- 
prises a place where information can be stored. By 
convention, the bit of memory associated with that 
cell is said to be in a "0" or "1" state in binary 
code, depending upon whether the cell conducts or 
does not conduct during a read mode. 

Before programming the EEPROM memory 
cell array, all cells are first erased. Electrically 
erasing a cell causes it to store positive charge on 
the floating gate. Hence, a cell that has been 
erased will conduct when tested for conduction 
during the read mode. In memory arrays using the 
presently preferred embodiment of the present in- 
vention, all cells in the EEPROM memory cell array 
are erased simultaneously. 

In programming the EEPROM memory cell ar- 
ray, EEPROM memory cells which are desired to 
be in a binary "1" state are caused to store nega- 
tive charge on the floating gate during the pro- 
gramming mode. It will be obvious to one skilled in 
the art the one of many various schemes well 
known in the art may be employed for determining 
the sequence in which cells are loaded with nega- 



tive charge on the floating gate. Thus, the cells 
may be written one byte at a time, or in any 
sequence, as is well known in the art. 

5 1 . The Erase Mode 



Referring to Figure 4, when it is desired to 
erase an EEPROM memory cell employing the 
present invention, first word line 160 is grounded. 

10 First bit line 140 is raised to a potential in the 
range of approximately 17 to 20 volts. Thus, a high 
voltage difference is created between the drain and 
floating gate of the first EEPROM cell 100. In this 
condition, with the high positive voltage on the 

75 drain of first EEPROM cell 100, electrons which 
may be stored on the floating gate of first EEPR- 
OM cell 100 are attracted to the drain of first 
EEPROM cell 100. As is well known in the art, 
electrons will then tunnel from floating gate 60 

20 through thin dielectric region 50 into drain region 
30, as shown in Figure 1 . As a result, the floating 
gate of first EEPROM cell 100 is discharged. Fur- 
thermore, since the gate of first grounding MOS- 
FET device 190 is operatively connected to ground 

25 through first word line 160, first grounding MOS- 
FET device 190 is in a nonconductive state. Hence, 
the source of first EEPROM cell 100 is floating. 
Thus, first EEPROM cell 100 will not conduct. 

In the preferred embodiment of the present 

30 invention, all cells in the memory array are erased 
at the same time. That is, at the same time, all the 
word lines in the array are grounded and all the bit 
lines in the array are raised to the erase potential 
of from approximately 17 to 20 volts. Thus, all the 

35 cells in the array are erased as described above. 

As shown in Figure 2, in a second embodiment 
of the present invention, first gate oxide region 40 
is grown uniformly thin below floating gate 60. First 
gate oxide region 40 may, for example, be grown 

40 to a thickness of 200 Angstroms. It would be ap- 
parent to one skilled in the art that in this second 
embodiment, electrons tunnel through first gate ox- 
ide region 40 when the EEPROM memory cell is 
being erased, in a manner equivalent to that de- 

45 scribed above. 

2. The Programming Mode 



When it is desired to program a binary "1" 
50 onto first EEPROM cell 100, first bit line 140 is 
brought to a potential of approximately 10 volts. 
However, as is known in the art, other voltages 
may be used. First word line 160 is brought to a 
voltage in the range of approximately 17 and 20 
55 volts. Thus, the drain of first EEPROM cell 100 is 
raised to a potential of approximately 10 volts and 
the control gate of first EEPROM cell 100 is raised 
to a higher potential approximately 17 to 20 volts. 
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Since the gate of first grounding MOSFET device 
190 is held at the higher potential by first word line 
160, first grounding MOSFET device 190 is in a 
conductive state. First grounding MOSFET device 
190 therefore conducts and the source of first 
EEPROM cell 1 00 is operatively connected to 
ground 220 through connnnon line 180 and first 
grounding MOSFET device 190. In this condition, 
first EEPROM cell 100 will be programnned using 
the hot electron injection phenonnenon as is well 
known in the art. 

Referring to Figure 1, control gate 90 is held at 
from approxinnately 17 to 20 volts, drain region 30 
is held at approxinnately 10 volts, and source re- 
gion 20 is operatively connected to ground. Since 
control gate 90 is held very high, an N-channel is 
formed between drain region 30 and source region 
20. In this condition, current in the form of negative 
electrons flows from source region 20 to drain 
region 30 through second channel 37 and first 
channel 35. As is disclosed in Frohman-Bentch- 
kowsky, "FAMOS-A New Semiconductor Charge 
Storage Device," Solid-State Electronics, Vol. 17, 
p. 517 (1973), the hot-injection electron phenom- 
enon will then cause electrons to be stored on 
floating gate 60. That is, some electrons flowing in 
first channel 35 will obtain enough momentum in 
the direction of floating gate 60 to pass through 
gate oxide region 40 under the influence of the 
positive attractive potential toward floating gate 60. 
Thus, some electrons will become deposited in 
floating gate 60, thereby charging floating gate 60 
with negative charge. 

3. The Read Mode and Operation of the Select 
Transistor 



During the read mode, it is desired to deter- 
mine whether the floating gate on the EEPROM 
memory cell means is charged with positive or 
negative charge. If the floating gate is charged with 
negative charge, then current will not flow through 
the EEPROM memory cell means during the read 
mode. Conversely, if the floating gate is charged 
with positive charge, then current will flow through 
the EEPROM memory cell means during the read 
mode. 

Referring to Figure 3, when it is desired to read 
first EEPROM memory cell 100, first word line 160 
is raised to approximately 5 volts and first bit line 
140 are raised to approximately 2 volts. All of the 
other word lines and all of the other bit lines in the 
EEPROM memory cell are grounded. Thus, second 
word line 170 is grounded. Since the gate of first 
grounding MOSFET device 190 is held at approxi- 
mately 5 volts by first word line 160, first grounding 
MOSFET device 190 is biased to conduct, that is, 
first grounding MOSFET device 190 is in a conduc- 



tive state. Thus, the source of first EEPROM mem- 
ory cell 100 is operatively connected to ground 220 
through common line 180, first grounding MOSFET 
device 190, and grounding line 210. The drain of 

5 first EEPROM memory cell 100 is held at approxi- 
mately 2 volts by first bit line 140. Furthermore, the 
control gate of the select transistor portion of first 
EEPROM memory cell 100 is held at approxi- 
mately 5 volts, therefore the select transistor of first 

10 EEPROM memory cell 100 will be in a conductive 
state. Hence, first EEPROM memory cell 100 will 
conduct, or will not conduct, depending upon the 
electrical charge state of the floating gate. That is, 
if the floating gate of first EEPROM cell 100 is 

75 charged with positive charge, then a conductive 
channel is formed in first channel region 35 in 
Figure 1 and first EEPROM cell 100 will conduct. 
However, if the floating gate 60 in Figure 1 is 
charged with electrons, then there is no conductive 

20 channel formed in first channel region 35 in figure 
1 and first EEPROM cell 100 will not conduct. 

It will be noted that the drain of second EEPR- 
OM cell 110 is held at approximately 2 volts by 
first bit line 140, and that the source of second 

25 EEPROM cell 110 is operatively connected to 
ground through first grounding MOSFET device 
190. Thus, if the floating gate of second EEPROM 
cell 110 is charged with positive charge, a conduc- 
tive channel in channel region 35 in Figure 1 is 

30 formed and the MOSFET under floating gate 60 
will be in a conductive state. However, control gate 
90 of second EEPROM cell 110 is held low by 
second word line 170. Thus, there will be no con- 
ductive channel formed in second channel 37 in 

35 Figure 1 and the select transistor of second EEPR- 
OM cell 110 will be in a nonconductive state. 
Hence, even though the drain of second EEPROM 
cell 110 is held at approximately 2 volts, the source 
of second EEPROM cell 110 is held low, and the 

40 floating gate of second EEPROM cell 110 is 
charged with positive charge, because control gate 
90 which also forms the gate of the select transis- 
tor portion of second EEPROM cell 110 is held low 
by second word line 170, second EEPROM cell 

45 110 will not conduct. 

Thus, a block-erasable EEPROM nonvolatile 
semiconductor memory cell apparatus has been 
disclosed. Although the preferred embodiment dis- 
closes a means of constructing the apparatus using 

50 NMOS technology, it would be obvious to one 
skilled in the art that CMOS could be used as well. 

Claims 

55 1. An array of a plurality of electrically program- 
mable, electrically erasable floating gate mem- 
ory cells, each cell comprising: 

a semiconductor substrate material (10) 
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with implanted source (20) and drain (30) re- 
gions; 

a floating gate (60) electrically insulated 
from said semiconductor substrate material, 
said floating gate extending over a portion of 
said drain region and further extending over a 
portion of said semiconductor substrate ma- 
terial between said drain region and said 
source region; 

a control gate (90), electrically insulated 
from said floating gate and from said semicon- 
ductor substrate material, said control gate ly- 
ing above said floating gate and said semicon- 
ductor substrate material, and extending from 
said drain region to said source region, 

and wherein said plurality of memory cells 
are arranged in rows and columns; the array 
further comprising 

a word line (160, 170) for each row, the 
control gate of each memory cell being con- 
nected to the respective word line; 

the array being characterised by a MOS- 
FET grounding device (190, 200) being con- 
nected to each wordline and being controlled 
by the respective wordline, for selectively con- 
necting to ground said source regions of the 
memory cells in a selected row of memory 
cells. 

Patentanspruche 

1. Eine Anordnung einer Vielzahl elektrisch pro- 
grammierbarer, elektrisch loschbarer "Floating- 
Gate"-Speicherzellen, wobei jede Zelle folgen- 
des umfa^t: 

ein Halbleitersubstratmaterial (10) mit einge- 
setzten Source- (20) und Drainbereichen (30), 
ein von dem Halbleitersubstratmaterial galva- 
nisch isoliertes Floating-Gate (60), wobei sich 
das Floating-Gate uber einen Abschnitt des 
Drainbereichs erstreckt und sich au^erdem 
uber einen Abschnitt des Halbleitersubstratma- 
terials zwischen dem Drainbereich und dem 
Sourcebereich erstreckt, 
ein Steuergate (90), das von dem Floating- 
Gate und von dem Halbleitersubstratmaterial 
galvanisch isoliert ist, wobei das Steuergate 
uber dem Floating-Gate und dem Halbleiter- 
substratmaterial liegt und sich ausgehend von 
dem Drainbereich zu dem Sourcebereich er- 
streckt, 

und wobei die Vielzahl an Speicherzellen in 
Reihen und Kolonnen angeordnet ist, wobei die 
Anordnung desweiteren folgendes umfafit: 
eine Wortleitung (160, 170) fur jede Reihe, 
wobei das Steuergate jeder Speicherzelle mit 
der jeweiligen Wortleitung verbunden ist, 
wobei die Anordnung gekennzeichnet ist durch 



eine MOS-FET-Erdungseinrichtung (190, 200), 
die mit jeder Wortleitung verbunden ist und 
von der jeweiligen Wortleitung gesteuert wird, 
um diese Sourcebereiche der Speicherzellen 
5 in einer ausgewahlten Reihe von Speicherzel- 

len selektiv zu erden. 

Revendications 

10 1. Un reseau forme par un ensemble de plusieurs 
cellules de memoire, programmables electri- 
quement, effagables electriquement, a grille 
flottante, chaque cellule comprenant : 

un materiau substrat semi-conducteur (10) 

75 avec des regions de source (20) et de drain 

(30) implantees ; 

une grille flottante (60) isolee electrique- 
ment dudit materiau substrat semi-conducteur, 
ladite grille flottante s'etendant audessus d'une 

20 partie de ladite region de drain et s'etendant 

egalement au-dessus d'une partie dudit mate- 
riau substrat semi-conducteur entre ladite re- 
gion de drain et ladite region de source ; 

une grille de commando (90), isolee elec- 

25 triquement de ladite grille flottante et dudit 

materiau substrat semi-conducteur, ladite grille 
de commande etant disposee au-dessus de 
ladite grille flottante et dudit materiau substrat 
semi-conducteur, et s'etendant de ladite region 

30 de drain a ladite region de source, 

et dans lequel ledit ensemble de plusieurs 
cellules de memoire est dispose en rangees et 
en colonnes ; le reseau comprenant egalement 
une ligne de mot (160, 170) pour chaque 

35 rangee, la grille de commande de chaque cel- 

lule de memoire etant raccordee a la ligne de 
mot correspondante ; 

le reseau etant caracterise en ce qu'un 
dispositif de mise a la terre du MOSFET (190, 

40 200) est raccorde a chaque ligne de mot et est 

commande par la ligne de mot respective, 
pour raccorder selectivement a la terre lesdites 
regions de source des cellules de memoire 
dans une rangee determinee des cellules de 

45 memoire. 
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